Introduction
The coastal marine environment has great ecological and economic importance. It is highly sensitive and variable because of the variations in terrestrial input and open seawaters. In particular, estuaries and bays support various communities and are directly or indirectly affected by human activities (Cummins et al., 2004) and physical, chemical, and biological processes. Zooplanktonic organisms are one of the most important components of aquatic ecosystems; they convert plant protein into animal protein and contribute to matter and energy cycles. In addition to their important role in the food chain, these organisms are rapidly affected by variations in environmental factors and therefore provide information about the status of the ecosystem. Zooplankton composition in coastal areas can vary under specific hydrographic conditions, and these organisms reflect sharp changes in environmental factors such as temperature, salinity, light, density, and water circulation (Sherman, 1967) .
İskenderun Bay is located on the southeastern coast of Turkey. The bay is surrounded by many industrial facilities, and agricultural activities are carried out in the areas adjacent to the bay (Aksu et al., 2013) . Approximately 500,000 people live around the bay, and, as the bay is a touristic spot, this number increases during summer. Moreover, fishery activities are intensively carried out in the bay. It has been observed that the bay is influenced by human activities (Terbiyik Kurt and Polat, 2013) .
The aim of this study was to increase our knowledge about the seasonal distribution of zooplankton abundance, group, and size composition and the impact of certain environmental parameters on zooplankton distribution in İskenderun Bay. This study will contribute to a better understanding of the coastal zooplankton ecology and provide basic information for long-term future studies in İskenderun Bay.
There have been several studies on the distribution of zooplankton groups, abundance, and biomass in the coastal waters of the western Mediterranean Sea (Calbet et al., 2001; Jamet et al., 2001; Fernandez de Puelles et al., 2003; Jamet et al., 2005; Rossi and Jamet, 2009 ) and eastern Mediterranean Sea (Mazzocchi and Ribera d' Alcala, 1995; Siokou-Frangou, 1996; Mozetic et al., 1998; SiokouFrangou et al., 1998; Ramfos et al., 2006; Vidjak et al., 2007; Kamburska and Fonda-Umani, 2009; Mazzocchi et al., 2011) . However, there is limited information on the zooplankton community of the southern coast of Turkey.
The majority of the zooplankton in İskenderun Bay are of Atlanto-Mediterranean origin (Lakkis and Toklu-Aliçli, 2007) . Terbiyik Kurt and Polat (2013) reported that the mesozooplankton abundance in this bay was related to the availability of food; however, species composition was dependent on abiotic variables such as temperature and salinity. Zooplankton abundance, composition, and size groups were investigated in Mersin Bay, and smallsized zooplankton groups were reported to be dominant (Zenginer Yılmaz and Besiktepe, 2010) . Furthermore, Dönmez et al. (2006) studied the zooplankton composition in Akkuyu Bay and found Copepoda to be the dominant group. These studies were generally conducted for a 1-year period and were therefore inadequate to determine variations in different years. Thus, for the first time, in this study, we investigated the interannual abundance, biomass variations, and size structure of zooplankton in İskenderun Bay.
Materials and methods

Study area
İskenderun Bay is located at the easternmost part of the Mediterranean Sea on the southern coast of Turkey ( Figure  1 ). The bay is 65 km in length and 35 km in width, with an area of 2247 km 2 and an average depth of 70 m. The entrance of the bay is the deepest section and is approximately 100 m in depth (Avşar, 1999) . The bay is influenced by currents and wind movements because of its connection to the open sea via a large entrance (İyiduvar, 1986) . The Ceyhan River is the largest river discharging water into İskenderun Bay, with a mean flow rate of 180 m 3 /s. İskenderun Bay is one of the busiest coastal areas of Turkey in terms of industrialization. In addition to the settlement areas along the bay with an increasing population in summer, there are several industrial facilities around the bay, including petroleum filling plants, fertilizer factories, Baku-TbilisiCeyhan pipelines, thermal plants, iron and steel factories, and the İskenderun Port. Considering all these hydrological and manmade factors, the bay is significantly affected by human activities, as well as land input. Therefore, it can be said that this bay has a dynamic structure.
Sampling and laboratory studies
Investigations were conducted seasonally during the period between 2009 and 2011 in the coastal waters of Yumurtalık, located in İskenderun Bay. Zooplankton samples were vertically collected from 5 stations at depths varying from 5 to 15 m by using a 200-µm mesh WP-2 type zooplankton net (Figure 1 ). Zooplankton sampling was performed twice at each station. One sample in each set was fixed in 4% buffered formaldehyde for group identification and abundance counts. Identification of zooplankton groups was done according to Johnson and Allen (2005) and Zhong (1988) . The other sample was used for biomass measurement. These 2 samples were filtered through 1000-µm and 500-µm filters and divided into size groups (200-500 µm, 500-1000 µm, >1000 µm). The samples for abundance and species identification were divided into subsamples according to individual numbers using a Folsom splitter. These subsamples were used for group identification and were counted using a Bogorov counting chamber. Samples of each size group for each biomass measurement were first filtered through Whatman GF/C filters. These filters were then dried in an incubator at 60 °C for 24 h and stored in a desiccator for approximately 1 h. The filters used in these procedures were weighed using a sensitive scale, and biomass values were estimated by subtracting the initial weight of the filter from the final weight. Abundance was calculated as individuals/m 3 (ind/m 3 ), while biomass was calculated as mg/m 3 . The volume of filtered water was calculated using net diameter and haul depth.
Environmental parameters such as temperature and salinity were measured at the surface and at depths of 5, 10, and 15 m using a YSI 6000 CTD probe. Water samples were collected using Niskin bottles, and these samples were used for phytoplankton count (Semina, 1978) and chlorophyll a (Chl a) analysis (Parsons et al., 1984) . Average values of all measured environmental parameters were used.
Data analysis
Analysis of variance was used to test for variance between seasons, years, and stations in terms of the abundance and biomass values of zooplankton. A square-root transformation was used because of the nonparametric distribution of the zooplankton abundance values. The Spearman correlation test was used to determine the statistical significance of the relationship between the environmental parameters (phytoplankton abundance, Chl a, temperature, and salinity) and zooplankton biomass and abundance. All statistical analyses were done with SPSS 20.0. The abundance of the cladoceran group in the present study was obtained from Terbiyik Kurt and Polat (2014) . The zooplankton biomass value was found to be highest in 2009 in autumn, while in other years, the highest biomass value was observed during spring. Zooplankton abundance values were higher during spring in each year. However, the lowest zooplankton biomass and abundance were found during winter in each year. Mean seasonal zooplankton biomass and abundance values were in ranges of 3. significant in terms of abundance (P < 0.01). In addition, there was a statistically significant difference only among seasons in terms of zooplankton biomass (P < 0.01). The zooplankton specimens belonging to the 200-500-µm size group were found to have the highest abundance and biomass values in all years and seasons among all the size groups. As the size of organisms increased, their contribution to the total zooplankton abundance and biomass values decreased (Figure 6 ).
Results
Environmental variables
Zooplankton group composition
A total of 30 zooplankton groups were found in the study area during the sampling period. Twenty-seven zooplankton taxonomic groups were identified in 2009. However, 24 zooplankton taxonomic groups were identified in 2010 and 2011 (Table 1) . Seasonal variations of abundant zooplankton groups are presented in Figure 7 .
Although Cladocera was found to be dominant in all zooplanktonic groups during the spring and summer of 2010 and 2011, Copepoda was dominant in the rest of the sampling periods. During the study period, Copepoda, Cladocera, and Appendicularia were found to be the most abundant zooplankton groups during spring. In addition to these groups, the other groups that significantly contributed to the zooplankton abundance were as follows: Cirripedia and Chaetognatha in all years, Pteropoda and Polychaeta It was found that total zooplankton abundance values were negatively correlated with salinity and positively correlated with phytoplankton abundance (P < 0.01). On the other hand, biomass values were not correlated with environmental parameters. The correlation of zooplankton groups with environmental parameters showed variations (Table 2) . Cladocera, Copepoda, and Appendicularia were found to be the most abundant groups, with a 90% contribution to zooplankton abundance. Environmental factors affecting these groups also affected the total zooplankton abundance. Cladocera (P < 0.01), Copepoda (P < 0.05), and Appendicularia (P < 0.01) showed a negative correlation with salinity. Furthermore, Cladocera and Appendicularia were found to be positively correlated with phytoplankton abundance (P < 0.01). Among these groups, Cladocera was found to be positively correlated with temperature (P < 0.05), while Appendicularia was found to be negatively correlated with temperature (P < 0.01).
Discussion
The present 3-year study provided findings on the seasonal variation of zooplankton abundance, biomass, and size structure in İskenderun Bay, about which there was limited information. Although a 3-year study is inadequate to explain the annual variations in zooplankton, it demonstrates the variations in the effect of environmental factors on zooplankton during those 3 years. Since the study area is close to the coast, seasonal variations in terrestrial inputs (from agricultural activities and domestic wastes) and precipitation affect this region. Because of the relatively significant variations in environmental factors in coastal areas, determining the effect of these factors on marine organisms can provide more distinctive results. 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 Zooplankton peak time and frequency showed variations in some Mediterranean coastal areas. It has been reported that 2 peaks (during spring and autumn) were observed in Niel Bay (Jamet et al., 2001) and İskenderun Bay (Terbiyik Kurt and Polat, 2013) . On the other hand, spring and summer peaks occurred in Naples Bay (Mazzocchi and Ribera d' Alcala, 1995) , Saronikos Bay (Siokou-Frangou, 1996) , the southern coasts of Marseille (Gaudy and Champalbert, 1998) , and Trieste Bay (Mozetic et al., 1998) . However, 3 peaks (spring, autumn, and summer) were observed in a year in a small bay of Toulon (Jamet et al., 2001) , the coastal waters of the Balearic Sea (Fernandez de Puelles et al., 2003) , and Mersin Bay (Zenginer Yılmaz and Besiktepe, 2010) . On the other hand, in certain areas, such as the Blanes coastal areas (Calbet et al., 2001) , the presence of many zooplankton peaks were reported. In the present study, the zooplankton peaks varied during the study period, and summer peaks in the last 2 years were caused by the excessive increase in cladoceran abundance during summer. Salinity values decreased in the last 2 years compared to those in 2009. This salinity decrease was thought to be caused by increased input from Kızlar Creek, located in the north of the study area, and was most probably caused by the increase in cladoceran abundance. Additionally, a negative correlation between cladoceran abundance and salinity supports this idea.
There are a few studies on the distribution of zooplankton size groups. Some studies reported that smallsized groups were dominant in the zooplankton population (Champalbert, 1996; Zenginer Yılmaz and Besiktepe, 2010) . Similarly, in our study, small-sized groups were found to be dominant in the zooplankton population with a significant difference. The eastern Mediterranean Sea has particularly high oligotrophic properties (Azov, 1991) ; pico-and nanosized phytoplankton are also dominant in this basin (Yacobi et al., 1995; Ignatiades et al., 2002) . The predation of planktivorous fish in the coastal areas might have given rise to the increase in the number of smallsized zooplankton (Brooks and Dodson, 1965) . Table 2 . Correlation between zooplankton groups and environmental variables: total biomass (T. bio.), total abundance (T. abun.), temperature (Temp.), salinity (Sal.), phytoplankton abundance (Phyto.), and chlorophyll a (Chl a). Zooplankton abundance measured in the study area was consistent with findings reported in Trieste Bay (Mozetic et al., 1998) and the Neretva Canal (Vidjak et al., 2007) in the Mediterranean Sea. However, zooplankton abundance in the present study was found to be higher than in certain coastal areas such as Maliakos Bay (Christou et al., 1995) , the Balearic Sea (Fernandez de Puelles et al., 1998) , Gökçeada coastal waters in the North Aegean Sea (Tarkan, 2000) , the North Adriatic Sea (Guglielmo et al., 2002) , Lebanese coasts (Lakkis, 2007) , and Naples Bay (Ribera d ' Alcala et al., 2004; Mazzocchi et al., 2011) . Additionally, compared to areas such as Blanes Bay (Calbet et al., 2001) and the Vranjak Basin (Vidjak et al., 2006) , zooplankton abundance was found to be lower in the present study. Various coastal areas of the Mediterranean Sea have different hydrographic properties. Population density in the coastal areas, variations in terrestrial inputs due to rainfall or other factors, and the number of industrial establishments in coastal areas have a substantial impact on the abundance and diversity of zooplanktonic organisms. These factors affect the amount of inorganic nutrients and many other physicochemical properties of the water column, which in turn can affect the primary producers and thereby zooplankton distribution and abundance.
Total zooplankton abundance was found to be correlated only with salinity and phytoplankton abundance. The insignificant correlation of zooplankton abundance with Chl a probably resulted from the feeding of zooplankton on heterotrophic bacteria and small autotrophs. In the present study, autotroph biomass had less impact on the seasonal cycle of zooplankton, which was similar to observations in other Mediterranean coastal areas (Mazzocchi and Ribera d' Alcala, 1995; Siokou-Frangou, 1996; Calbet et al., 2001; Fernandez de Puelles et al., 2003) . On the contrary, Terbiyik Kurt and Polat (2013) reported that Chl a and phytoplankton abundance were positively correlated with zooplankton biomass and that there was no correlation with zooplankton abundance. In our study, it was found that temperature was correlated insignificantly with total zooplankton abundance, similar to Chl a. Similarly, Calbet et al. (2001) reported that there was no correlation between temperature and total zooplankton abundance. Temperature is known to affect the seasonal distribution of zooplankton in some Mediterranean coastal waters (Siokou-Frangou, 1996; Fernandez de Puelles et al., 2003; Vidjak et al., 2007) . Terbiyik Kurt and Polat (2013) carried out a study in the same region and reported that abiotic factors, particularly temperature, affected the zooplankton community structure. Similarly, in the present study, although abiotic factors had less impact on the total zooplankton abundance and biomass, seasonal dynamics of zooplankton groups were significantly affected by abiotic environmental factors. The degree of effect of these factors varies according to the zooplankton groups. Although there was a low correlation between temperature and total zooplankton abundance and biomass, the seasonality of zooplankton was significantly determined by temperature. Certain groups such as Echinodermata, Gastropoda, Hydrozoa, Ichthyoplankton, Siphonophora, Appendicularia, Cirripedia, Chaetognatha, Cladocera, and Doliolida showed a significant seasonal cycle, and their abundance increased from 2009 to 2011. All groups, excluding Doliolida, were found to be negatively or positively correlated with temperature. On the other hand, some groups such as Bivalvia, Foraminifera, Polychaeta, Pteropoda, Copepoda, and Decapoda showed fluctuations. An unstable change in Copepoda, which is the dominant group, is thought to be caused by the dominance of different species in different seasons. Although salinity was found to be positively correlated with Doliolida, in the majority of other negatively correlated groups, zooplankton abundance increased in the last 2 years of the study period when salinity was low. This suggests that salinity was responsible for the variation in the study area. A similar negative correlation was reported by Fernandez de Puelles et al. (2003) . Similar to many other regions of the Mediterranean Sea, Cladocera, Copepoda, and Appendicularia (Mazzocchi and Ribera d' Alcala, 1995; Siokou-Frangou, 1996; Calbet et al., 2001; Vidjak et al., 2007; Mazzocchi et al., 2011; Terbiyik Kurt and Polat, 2013) constituted the majority of the zooplankton population in our study area (approximately >90%). The factors affecting these groups also influenced the total zooplankton abundance. In this study, Copepoda was found to be inversely correlated with salinity. A similar negative correlation was also reported by Fernandez de Puelles et al. (2003) for the Balearic Sea and Vidjak et al. (2007) for the Adriatic Sea. It was reported that, in the Mediterranean coastal regions, cladoceran abundance was positively correlated with temperature but inversely correlated with salinity (Fernandez de Puelles et al., 2003; Vidjak et al., 2007) . In addition to temperature, phytoplankton abundance also positively affected the increase in cladoceran abundance. It was reported that Appendicularia showed a positive correlation with temperature in some Mediterranean coastal regions (Calbet et al., 2001; Vidjak et al., 2007) ; it was particularly abundant during the warm periods of the year (Terbiyik Kurt and Polat, 2013) . However, it showed a negative correlation with temperature in our study; Mazzocchi and Ribera d' Alcala (1995) reported that the abundance of this group was higher in winter. In another study carried out in our study area 1 year before our sampling period, Appendicularia was observed to be more abundant in summer, and cladoceran abundance was found to be quite low during this period (Terbiyik Kurt and Polat, 2013) . A significant increase in Cladocera during this study period, particularly in 2010 and 2011, suggests that since appendicularians and cladocerans feed on organisms of similar size groups, the proliferation of appendicularians was prevented by the increasing cladoceran population due to competition for food.
There are limited studies on İskenderun Bay (Toklu, 2006; Lakkis and Toklu, 2007) ; only Terbiyik Kurt and Polat (2013) reported the quantitative values of zooplankton and determined their relationships with environmental parameters. Although the zooplankton biomass values in that study were approximately 2 times higher than those in the present study, the abundance values were found to be similar to the 2009 values of the present study. This difference might have resulted from the increase in the abundance of large-sized organisms. The abundance of Labidocera and Calanopia particularly increased in autumn (Terbiyik Kurt and Polat, 2013) . Similarly, despite some exceptions, the seasonal cycle of zooplanktonic groups identified in the present study is similar to those reported by previous studies (Toklu, 2006; Lakkis and Toklu, 2007; Terbiyik Kurt and Polat, 2013) .
In conclusion, İskenderun Bay is similar to other Mediterranean coastal regions in terms of the investigated characteristics. Many zooplanktonic groups have a seasonal cycle, and this seasonality occurs according to temperature changes. On the other hand, in this 3-year study, it was found that salinity affected the variation in abundance among the years.
